Abstract: Phosphorus is important for cowpea production in many tropical
Introduction
Cowpea (Vigna unguiculata (L.) Walp) is an important grain legume in the dry savannah of the tropics covering 12 .5million hectares with annual production of about 3.million tons (FAO, 2005) . Nigeria is one of the world's largest producer of cowpea with an average production of 2.92million tons followed by Niger with 1.10million tons (FAO, 2012) .
Despite the dramatic increase in cowpea production in the sub-Saharan Africa, cowpea yields remain one of the lowest among all food legume crops, averaging at 450kg/ha in 2006-2008, which is half of the estimated yields in all other developing regions. Its yields are very low due to several constraints including poor soil and use of low yield variety of seeds as planting material (Ecocrop, 2009) .
Cowpea (Vigna unguiculata (L.) Walp) is a major staple food crop in sub-Saharan Africa, especially in the dry savannah regions of West Africa. The seeds are a major source of plant proteins and vitamins for man, feed for animals, and also a source of cash income (TJAI, 2010) . The young leaves and immature pods are eaten as vegetables. There is a big market for the sale of cowpea grain and fodder in West Africa. In Nigeria, farmers who cut and store cowpea fodder for sale at the peak of the dry season have been found to increase their annual income by 25% (Dugje et al., 2009) .
Cowpea also plays an important role in providing soil nitrogen to cereal crops (such as maize, millet, and sorghum) when grown in rotation, especially in areas where poor soil fertility is a problem. It does not require a high rate of nitrogen fertilization; its roots have nodules in which soil bacteria called Rhizobia inhabit and help to fix nitrogen from the air into the soil in the form of nitrates (Sheahan, 2012) .
Cowpea can be grown under rain fed conditions as well as by using irrigation or residual moisture along river or lake flood plains during the dry season, provided that the range of minimum and maximum temperatures is between 28 and 30°C (night and day) during the growing season. Cowpea performs well in agro ecological zones where the rainfall range is between 500 and 1200 mm/year (Madamba et al., 2006) . However, with the development of extra-early and early maturing cowpea varieties, the crop can thrive in the Sahel where the rainfall is less than 500 mm/ year. It is tolerant of drought and well adapted to sandy and poor soils. It has little tolerance of salinity but is somewhat tolerant of soils high in aluminium. Like most legumes, it does not withstand waterlogged or flooded conditions. However, best yields are obtained in well-drained sandy loam to clay loam soils with the pH between 6 and 7 (Ecocrop, 2009 ).
Cowpea is a summer annual legume with trifoliate leaves. There are many cultivars, bred for diverse ecological niches, and they vary greatly in growth habit. Some are short, upright bush types, and others are tall and vine-like. Cowpea grows rapidly, reaching a height of 19-24 inches (48-61 cm) when grown under favourable conditions (Singh et al., 2003) . Most root growth usually occurs within the topsoil layer, but in times of drought cowpea can grow a taproot as long as 8 ft to reach moisture deeper in the soil profile (Madamba et al., 2006) .
Cowpea does not require too much nitrogen fertilizer because it fixes its own nitrogen from the air using the nodules in its roots. However, in areas where soils are poor in nitrogen, there is a need to apply a small quantity of about 15 kg of nitrogen as a starter dose for a good crop. If too much nitrogen fertilizer is used, the plant will grow luxuriantly with poor grain yield. Cowpea requires more phosphorus than nitrogen in the form of single super phosphate or SUPA. About 30 kg of P/ha in the form of SUPA is recommended for cowpea production to help the crop to nodulate well and fix its own nitrogen from the air (FAO, 2005) .
Tropical soils are inherently low in nutrients particularly nitrogen and phosphorus . Phosphorus is among the most needed elements for crop production in many tropical soils.
Phosphorus is critical to cowpea yield because it is reported to stimulate growth, initiate nodule formation as well as influence the efficiency of the rhizobium-legume symbiosis (Haruna and Aliyu, 2011) . It is required in large quantities in young cells such as shoot and root tips where metabolism is high and cell division is rapid. It also aids in flower initiation, seed and fruit development (Ndakemi and Dakora, 2007). Phosphorus (P) is among the most needed elements for crop production in many tropical soils. However, many tropical soils are P-deficient (Osodeke, 2005) . The deficiency can be so acute in some soils of the savannah zone of western Africa that plant growth ceases as soon as the P stored in the seed is exhausted (Mokwunye and Bationo, 2002) . Soil P-deficiencies primarily result from either inherent low levels of soil P or depletion of P through cultivation.
Legumes are phosphorus loving plants; they require phosphorus for growth and seed development and most especially in nitrogen fixation which is an energy-driving process. Legumes can fix up to 11-20kgN /ha (Sanginga et al., 2000) , but this is not achievable in the tropics because of low soil fertility and poor farming practices.
Application of phosphorus is therefore recommended for cowpea production on soils low in phosphorus. Careful application of phosphorus fertilizer to legumes is geared towards enhancing not only their growth and yield, but also nitrogen fixation. In Nigeria, legumes do not receive any form of mineral phosphorus fertilizer, they therefore entirely rely on the natural available soil phosphorus and other nutrients for nitrogenfixation and growth and this has resulted in lower yields (Singh et al., 2011) .
One of the options of reducing low yields due to soil phosphorus content is to determine the best level of phosphorus fertilizer; as single super phosphate (SSP) so as to increase yield and returns from cowpea.
II. Materials And Methods

Seed Collection
Three certified cowpea varieties were obtained from the germplasm unit at International Institute of Tropical Agriculture (IITA), Ibadan Nigeria. The varieties are as follows: IT97K-499-35, IT99K-573-1-1, and IT99K-573-2-1. The genotypes were all semi-erect and early maturing varieties.
Study Area
The field experiment was conducted at the teaching and research farm of Michael 
Soil Collection
The top soil (0-15cm) was collected and 15g was put into each nylon bag. The top soil was also collected randomly from the field and taken to the soil science laboratory in National Root Crop Research Institute for physiochemical analysis.
Experimental Layout
The experiment was a factorial combination of 3 cowpea lines and five P application rates in a randomised complete block design with seven replications.
Four seeds were sown in each bag on 11 th May 2013. Two weeks after planting, the seedlings were thinned to one plant per bag. A mixture of Karate ® 2.5 E.C. (50g lambda-cyhalothrin) per litre; 8 ml in 1 litre of water) insecticide was sprayed twice to control insect pests during the experiment. The plants were grown to maturity and the crops harvested at physiological maturity when the pods had turned yellow.
Treatment Application
Phosphorus fertilizer as single super phosphate was applied using the ring method at five different levels; 0kg/ha (T 0 ), 20Kg/ha (T 1 ), 40Kg/ha (T 2 ), 60Kg/ha (T 3 ), and 80Kg/ha (T 4 ) on 1 st June, 2013 (three weeks after planting). The right amount of P fertilizer was worked out for the different levels by taking into account the weight of soils in the bags (15Kg) and weight of 1ha of top soil (2.24x10 6 kg).
Data Collection
Data were collected on the vegetative and yield characteristics of the plants. The heights of three randomly selected crops were taken at two weeks interval starting from the first week after planting using metre rule. The leaves and branches of three randomly selected crops were counted on fortnight basis. The length and broadest width of three leaves randomly selected from three crops were measured using the metre rule, then the two parameters were multiplied with 2.325; a constant proposed by Osei-Yeboah et al., (1983) to obtain leaf area. Number of pods per plant was obtained by plucking all the pods from five randomly selected crops. The harvested pods were measured length and girth-wise using a thread and calibrating on a metre rule. Pod fresh weight per plant was obtained by weighing all the pods plucked from five randomly selected crops using Metler's weighing balance and dry weight per plant was obtained by drying all plucked pods from the five randomly selected crops in the oven at 50 o C for 48 hours and weighing with Metler's weighing balance. Number of seeds per treatment was obtained by counting all the seeds gotten from the harvested pods in each treatment. Seed yield per treatment was obtained by weighing the seeds in all the pods harvested from each treatment and weight of 50 Seed obtained by weighing 50 randomly selected seeds from each treatment using Metler's weighing balance. Roots of five randomly selected crops were harvested and washed free of soil, the nodules were removed and counted and their weight determined using a Metler's weighing balance. To get the Total Above-Ground Dry Matter (TDM) of five randomly selected crops, these crops were harvested, washed in running tap, oven dried at 50 o C for 48 hours and weighed. Roots of five randomly selected crops were harvested, washed in running tap, oven dried at 50 o C for 48 hours and weighed using Metler's weighing balance to determine the root dry weight
Statistical Analysis
The data collected from different treatments were subjected to statistical analysis at 95% confidence interval using one-way and two-way ANOVA with SPSS version 17 and the means separated using the Duncan New multiple range tests.
III. Results
Result Of Soil Analyses
The top soil (0-15cm) from the experimental field had the following properties: soil texture; sandy loam, pH-H 2 O; 4.8, %sand; 71.2, %silt; 10.6, %clay; 18.2, soil available phosphorus; 21.1mg/kg, %nitrogen; 0.028, %organic carbon; 0.45, %organic matter; 0.78, exchangeable acids (Cmol/kg soil): Ca; 3.2, Mg; 0.8, K; 0.01, Na; 0.013, Al; 0.96.
Growth Parameters Plant Height
The effect of phosphorus fertilizer on plant height is presented in Table 1 . Generally, application of phosphorus fertilizer had significant effect on plant height in all the weeks after its application. Significant effect was also observed in the relationship between the varieties and phosphorus treatments. 
Leaf Area
The effect of phosphorus fertilizer on leaf area between varieties and between treatments is shown in Table 2 respectively. Phosphorus had significant effect on leaf area, and cowpea varieties showed significant variations in responses of their leaf area to phosphorus application. Interaction between the varieties and treatments was also significant. 
Number Of Leaves And Number Of Branches
Phosphorus fertilizer application to the cowpea varieties had a positive effect on the number of leaves and number of branches produced. The result of the effect of phosphorus on number of leaves and number of branches between varieties and between treatments of cowpea is shown in Tables 3 and 4 respectively. There was a significant effect in number of leaves and number of branches by the cowpea varieties and phosphorus treatments as affected by phosphorus fertilizer application in all the weeks examined except in the 11 th week. The interaction between varieties of cowpea used and phosphorus treatment was also significant. 
Yield Parameters Pod Yield
The result of the effects of phosphorus fertilizer on pod fresh weight per plant, pod dry weight per plant, number of pods per plant, length of pod per plant and girth of pod per plant is presented on Table 5 . Phosphorus fertilizer enhanced the fresh weight of pod per plant. There were variations among the cowpea varieties in responses of pod fresh weight per plant to phosphorus application but no significant difference was observed in all varieties.
Application of phosphorus fertilizer to the cowpea varieties had minimal effect on the dry weight of pods per plant and no significance difference was observed in relation to treatments of phosphorus applied. The responses of number of pods per plant of the cowpea varieties to phosphorus application was not significant in varieties one (IT97K-499-35) and two (IT99K-573-1-1) but variety three (IT99K-573-2-1) showed variations in their response and thus the number of pod per plant of the variety was significantly enhanced by phosphorus application.
Phosphorus greatly increased the length of pod per plant and all the cowpea varieties used showed significant variations in response of pod length to phosphorus.
Application of phosphorus fertilizer had no effect on pod girth of the varieties used, and thus, interactions of cowpea varieties and phosphorus treatments on pod girth had no significance. 
Seed Yield
The effect of phosphorus on number of seeds per treatment, seed yield per treatment and weight of 50 seeds per treatment is shown in Table 6 . Generally, phosphorus fertilizer had positive effect on number of seed per treatment. Variability among the cowpea varieties in number of seed response to phosphorus application was more pronounced with variety three (IT99K-573-2-1) producing highest number of seeds. Interactions of varieties one and two (IT97K-499-35 and IT99K-573-1-1) and phosphorus treatments showed no significance while a remarkable significance was observed in variety three (IT99K-573-2-1).
Seed yield per treatment was significantly increased with phosphorus application in all three cowpea varieties.
Application of phosphorus fertilizer greatly enhanced the weight of 50 seeds in all cowpea varieties used. The interactions between cowpea varieties and phosphorus treatments on weight of 50 seeds were significant. Highest value in all the yield characters measured was observed in variety three: IT99K-573-2-1 at phosphorus fertilizer rate of 40kgha -1 . 
Nodulation and Dry Matter Accumulation
Both number and weight of nodules of cowpea varieties were significantly enhanced by the application of phosphorus fertilizer. The result of the effect of phosphorus on nodulation is presented in Table 7 and results of the effect of phosphorus on dry matter accumulation (root dry weight and the total above ground dry matter) are presented in Table 8 .
Phosphorus had positive effects on total aboveground dry matter, the interactions between cowpea varieties and phosphorus treatments on total aboveground dry matter were significant. The cowpea varieties showed different responses to phosphorus treatment on root dry matter, the interaction was significant in varieties one and two (IT97K-499-35 and IT99K-573-1-1) but there was no significance in variety three (IT99K-573-2-1). Highest value for root dry weight was observed in variety two; IT99K-573-1-1 at phosphorus fertilizer rate of 60kgha -1 while that of total aboveground matter was observed in variety three; IT99K-573-2-1 at phosphorus fertilizer rate of 40kgha -1 . IV. Discussion Growth attributes such as plant height, leaf area, number of branches and number of leaves was significantly increased by the application of phosphorus fertilizer. This result is in conformity to the results observed by Krasilnikoff et al. (2003) and Nyoki et al. (2013) . This could be attributed to the fact that phosphorus is required in large quantities in shoot and root tips where metabolism is high and cell division is rapid (Ndakidemi and Dakora, 2007) . Thus, an indication that the cowpea varieties utilised the phosphorus fertilizer applied judiciously in growth and development processes.
Effect of Phosphorus fertilizer on growth and yield of cowpea (Vigna unguiculata)
Phosphorus application also improved some yield attributes taken into consideration in this study: pod fresh and dry weights, number of pods, length of pods, number of seeds, seed yield and weight of 50 seeds. These were found to be significantly different at 0.05 level of significance and this is in conformity with the findings of other workers (Okeleye and Highest value in all the yield characters measured was observed in variety three: IT99K-573-2-1 at phosphorus fertilizer rate of 40kgha -1 , this contradicts the findings of Haruna and Usman (2013) who recorded highest yield at 30kg ha -1 in their experiment and Singh et al., (2011) who reported highest yield at 60kgha -1 and suggested that that may be the optimum as further application of phosphorus may or may not increase yield of cowpea. The significant response of the measured yield characters of cowpea to phosphorus application could be attributed to the role of phosphorus in seed formation and grain filling (Haruna, 2011) .
Phosphorus fertilizer application significantly enhanced nodule number and nodule weight in all the cowpea varieties used in this study. Highest value for nodule number was observed in variety three: IT99K-573-2-1 at phosphorus fertilizer rate of 40kgha -1 while that of nodule weight was observed in variety two: IT99K-573-1-1 at phosphorus fertilizer rate of 80kg ha The root dry weight and total above ground dry matter of the three varieties used showed remarkable significance in response to phosphorus application, the same result was observed by Okeleye and Okelana (2000) and Odundo et al., (2001) .
V. Conclusion
The observed variations in the performance of the cowpea varieties used could provide a basis for selecting cowpea lines with greater agronomic efficiency in phosphorus deficient soil to reduce fertilizer cost. It could also be a pointer because pot experiment does not represent the real life situation and may not be a good methodology for evaluating varieties for release to farmers. However, it could be used in an initial assessment of large number of breeder lines. These variations could be important for selecting varieties suitable for a range of soil phosphorus conditions as well as to release to farmers on large scale production.
It could be concluded that IT99K-573-2-1 and phosphorus application rate of 40kgha -1 is ideal for soils low in phosphorus and is thus recommended for farmers in such regions for enhancement of cowpea yield.
